particles and on viral adsorption onto host cells.
Searching for antiviral antibiotics, we isolated a new antibiotic, ascochlorin, from a culture of Ascochyta viciae (14) . Some other strains also produced the antibiotic (unpublished data). Ascochlorin was active on multiplications of both deoxyribonucleic acid (DNA) and ribonucleic acid (RNA) viruses in cultured cells. Studies on the biological properties of the antibiotic found that it has inhibitory effect on mitochondrial respiration (unpublished data). Kalicheva et al. (4) reported the inhibitory action on the growth of tobacco mosaic virus of some respiration inhibitors such as antimycin A3, azide, and cyanide.
These results have led us to the examination of antiviral activity of respiration inhibitors on the multiplication of Newcastle disease virus (NDV). Employing an NDV-chick embryo fibroblast (CEF) system, we examined the effects on the viral reproduction of respiration inhibitors belonging to two groups which consist of inhibitors of electron transfer and uncouplers. Antimycin A3, piericidin A, rotenone, and ascochlorin belong to the first group, and dicoumarol, 2,4-dinitrophenol, pentachlorophenol, and fatty acids to the second (5) . Among inhibitors tested, rotenone exhibited antiviral activity which was similar to that of ascochlorin. Some biological aspects of the antiviral activity of ascochlorin are dealt with in this paper also.
MATERIALS AND METHODS
Virus-cell system. The Miyadera strain of NDV and primary cultures of CEF were employed, and the proliferation methods were described previously (11) .
Assay of antiviral activity. Antiviral activity was examined by the plate or tube assay method or both. The agar-diffusion plaque-inhibition method of Herrmann et al. (3) was used for the plate assay, and diameters of plaque-free, virus-inhibited and cytotoxic zones caused by test compounds on infected monolayer cultures of CEF in petri dishes were determined after 2 days of incubation at 38.5 C. (1) . The tube assay method was the same as reported previously (11) , and antiviral activity was determined by observation of cytopathic effect after virus infection and by titration of virus production.
Test for virucidal effect. NDV was suspended in the medium containing a test compound, and the suspension was incubated at 38.5 C. At designated time intervals, titrations were performed and infectivity was measured in plaque-forming units (PFU; 11).
Action on viral adsorption onto host cells. NDV was added to suspensions of monodispersed CEF in the medium containing a test compound and was held at 5 C with occasional stirring. After 2 hr of incubation, viruses adsorbed to CEF were removed by centrifugation (900 X g for 15 min), and residual infectivity in the supernatant fluid was titrated (11) .
Titration of virus. After virus was produced, it was titrated to determine plaque formation and hemagglutinin production. PFU and hemagglutinin units (HAU) were determined for cell-associated virus released by three cycles of freezing and thawing in a dry ice-acetone bath (11 very toxic for animals and fishes whereas rotenone has rather low toxicity for animals (7) . The difference in in vitro toxicity determined by the plate assay method was similar to the observation in vivo.
Results of the antiviral activity of ascochlorin and rotenone were determined by the tube assay method ( Fig. 1-2) . A drug dose response was observed in both rate and final yield of hemagglutinin production. This observation differed from the results with xanthocilhin X monomethylether (11) and trichothecin (12) which were found to be inhibitors of protein synthesis (12, 13) . In the latter case, the viral growth was suppressed completely at concentrations of these drugs not toxic for cultured cells and the drug dose response was observed only at lower concentrations in the lengthening of the lag period before the detectable onset of hemagglutinin synthesis; no difference between antibiotic-treated and control samples was apparent in rate or final yield after the beginning of the synthesis.
Rather good correlation was found between production of infective virus and production of hemagglutinin, that is the ratio of PFU to HAU was nearly equal at various concentrations of ascochlorin (Table 2) . Thus the possibility of inhibition of virus maturation by the antibiotic was excluded. As expected from the mode of action of ascochlorin on mitochondrial respiration, the antibiotic neither had virucidal effect on free NDV particles at 38.5 C (Fig. 3) nor influenced viral adsorption onto host cells (Table  3) . It may be concluded from these results that inhibition of the viral growth by ascochlorin These chemicals had no effect on the viral growth in the agar-diffusion method at concentrations at which most antibiotics exert their activity (1, (8) (9) (10) 12) . At higher test concentrations, pentachlorophenol and some fatty acids exhibited antiviral activity (Tables 4-6 ).
The units of concentration in Table 5 bSame as in Table 1 . e Large.
expressed in v/v% (v) Saturated fatty acids of short chain length, especially C8-C11, were toxic for cultured cells, and cytotoxicity decreased when the chain length increased (Table 5) . A similar response in vivo in Table 5 . b Same as in Table 1 . The unsaturated fatty acids did not appear to have greater antiviral activity than the saturated fatty acids (Table 6) .
Esterification of fatty acids decreased their cytotoxicity or antiviral activity as indicated in the cases of lauric, stearic, and oleic acids and their glycerides. Monolaurin and monostearin were both tested at concentrations of 4.0 and 0.8 % (w/v) and triolein at 40.0 and 8.0% (w/v). No antiviral activity was present except in the case of monolaurin which had an antiviral zone of 14.2 mm.
Effects of aliphatic dicarboxylic acids on the viral growth were tested for a comparison ( Table 7 ). The dependency of cytotoxicity and antiviral activity on the chain length, which was observed in the cases of the monocarboxylic acids (Table 5) , was not detected in the cases of dicarboxylic acids.
In conclusion, the uncouplers of mitochondrial respiration tested were not effective on virus growth at concentrations at which most antivirals are expected to exert their activity. Antiviral activity of some inhibitors of electron transfer in mitochondrial respiration, such as antimycin A3 and piericidin A, was also not significant, because of their toxicity for cultured cells. The exceptions were rotenone and ascochlorin. These two compounds showed remarkable activity at low concentrations, their toxicity for cultured cells was low, and their chemotherapeutic indexes in vitro were higher than 50. These results are indicative of the presence of effective antivirals among inhibitors of respiratory electron transfer. Some derivatives of rotenone were found to effectively inhibit NDV growth in cultured cells, and their effect on other viruses and the correlation between antiviral and respiration-inhibitory activities are under study now.
